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Automatic measurement of spinal cord and canal on cervical MRI images based on deep learning models
MA Chao,FENG Xiao-chen, YANG Jia-cheng,et al.Department of Diagnostic Radiology,the First Af-
filiated Hospital of PLLA Naval Medical University,Shanghai 200433, China

[ Abstract] Objective: To explore the feasibility of automatic measurement of spinal cord and ca-
nal in cervical MR using deep learning.Methods: 558 cases of cervical spine MR images were retrospec-
tively collected and randomly divided into training set (n=436), validation set (n=261),and test set
(n=61) at 8:1:1.The spinal canal and spinal cord of all images were labeled by a junior physician,and
the maximum spinal cord compression, maximum canal compromise,transverse area,and compression
ratio were measured in the test set. All results were then reviewed by a chief physician as the gold
standard. Another senior physician conducted measurements on the test set as the manual group re-
sults.A deep learning model, utilizing Swin Transformer as the backbone network, was employed for
segmentation and measurement,contributing to the model group results.Evaluation of the model's seg-
mentation performance was conducted using dice similarity coefficient (DSC) and Intersection-over-U-
nion (IoU).Consistency was compared across groups,including the junior physician, chief physician,
manual group,and the deep learning model, using Intraclass correlation coefficient (ICC) and Bland-
Altman scatter plots.Results:In the test set,the DSC values (%) for the deep learning model segmen-
tation of the spinal cord (axial and sagittal planes) and vertebral canal (sagittal plane) were 93.10+
0.57,94.601+0.09,and 86.1740.22,respectively. The IoU values (%) were 87.0941.00,89.76+£0.17,
and 75.70 4 0. 34, respectively. The ICC values of the manual group, model group,and gold standard
ranged from 0.770 to 0.945.The ICC values of the model group and gold standard ranged from 0.782 to
0.913;the ICC values of the manual group and gold standard ranged from 0.692 to 0.903.The differ-
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ences between the three groups were statistically significant (P <C0.001).Conclusion; The deep learning

model demonstrates high accuracy in the segmentation and measurement of spinal cord and canal in

cervical MR.

[Key words] Magnetic resonance imaging; Cervical vertebral; Deep learning; Auto-segmenta-

tion; Auto-measurement

B BE AL FHESR (cervical spondylotic myelopathy,
CSM) 2[5t A [ 5 4 S5 R A7 1 2 5 BUR B %2
Fe 51 A 86 D) BE B AT AR . — U T AR 2E A
(R BIF 5T 3R T JC IR 0 38 A SR R 24.2 06 T T
Bk 2 FLA T DT 7 A AT M A 0 . S B R
N T E R R S B SRR L, CSM
2 W JE S

H R IE 5 CSM (1™ 5 A% B %5 YT AR OC , HiHE MR
I T B O e i X B AR L A A5 A R T
W7 , 3 HA AR R FEMES L 78 T, W% 51 b 5 i 19 1%
155 5 WA WA = 15 5 B U WA (R 5 22 5 AT )
T BRI A AR BUHE MR R i RS &
MEA  ANAUTT LUK W6 86 52 TR AR, S CSM Y I Ah 4
B AR O B A B0 aT L PR SR T Y A
5 J5 25 19 B U7 3 A2 v 4 fE S X L A B 2 B . AR
T R 555 5 RITMEE A7 £ 300 ™ ORS00 3R
B — TR A U et g g, DR A S B I PR A
R D S BAE SE MR RS b B RHE S 1Y A
By It B A8 D /L = U AN 0 1Y) T BRL 57 B 45 12 W R
BEMAE R,

T H M & M4 (convolutional neural net-
works, CNNs) #4 €t (1% 3 B2 2 ~J 81 H i & W ] T 3
HEFIIEAE MR FG & AR S50 3 g 80, AR
WFFEAIR T JE T T B o ~) B2 52 I A MR 4 4
BEFHESR A 37050 S I g al 474

MHEFE

L W g

PACS % 4 [l Jil ok 3% 252 i 48
2021 4E 1 A —2021 4 12 A T&
e ik B 4 B o 0 AT S ME MR F- 4
Mg Ae & 614 N HEBR A5 fE (&
DO K £ fir A HiHEF R SR IT
LUNOF SEIT N TR e 3 )

HERSARR:
DFABFT (0=49)
QBE. SM5. Bk

(n=3)

QEIGFESE (n=3)
_@OFFFL (n=1)
*

HE ARG
202141 8
2021 12A1T

20~86 %, 1 (49.01£11.0D) %, AWFRE K
TR BEAE P2 D1 e b e, S bR AR A A Il 4. Al
SEEMRE S AL)S 08 8. 1.1 HL B Bl BL 2 R Il 2k B
(n=436) AL (n=61) AKX (n=61),

2808 bR T 5

H4 T A RO A, SOHE < R T T, WL R Al 1
T.WI ) DICOM #% X E & 5% #e 2 PNG Bl &, H—
7R AR Bk S A 3238 B 0 CE L &l 4 4F) il la-
belme(v5.1.1) B A4 X 250 #E 53 R 1o A b i P04 e
EHEBE AT E ., BRI S R br T . OFE
JARTE T, WT MR b 3EAT 5 56 FIHE S 19 bR i . i
T SME R R B B K2 1 . C2~ C3 MERIK R 5.
C7~T1 HEMA K-S F 5 5 86 br 1 00 5 J5 5L o0 1 36
55 3 A O R IS % ME SRR T T I A
B RIS 2% o AN A 45 10 07 L HE A L A ) A L R R AR AR
5 . @FE S R L X C3~ C7 MEAE B AR A
S G VA S AT T G B SRR R AR A
HE 8] 35 55 4540 L IF R R R AR & AT bR . 4 an 6
C3 MEA M RT L BT 5 b 5 T S 2 AR v S G
AL.2.3 A AR CA MER R BT R s BURTR
Sitg S5 bR TE A SEHE AS 5,6, 7,85 1 i F BRI X C5,C6
C7 MR S AT AR e . OFEM Rl T, WI B{R b i
T B8 AR e £E 2R T T, W BHR A 86 52 1 i
A 2 T8 K P 0 R il T T, WIEIAS , U5 5 6 5 I TR

MNEE (n=436)
BE (n=61)

RATRESF SRR
SE RN
B

S58fl I EE IR
B88:1:1BILL BIREHL 5
BoAIGRER . AER.
ke

HIANSS8HIHIE
# (n=558) &)
17523k El& ekt

- - -

FHEMR I3
wEEg, #
61441

g O BEAL A A0 A L EHR T A
fE; OH R H BBT AL,
558 W HKE Y 1752 5K MR K14
CRARTE T, W B 1194 5K Bl
T, WI K14 558 3%) 2 ABF5E.,
Ho 55339 i, Zc 219 {1, 4F %

B 1

(RARRLT2WIE]
&11943K . BT
T2WIEI&R5583K)

MR (n=61)
AT REZEIERN

SEMEREM, KB
‘B, ATHH. &infE
MELERITFMN

®
MR RMHAER,



1516 T SC R 2024 4E 11 HH5 39 %55 11 ] Radiol Practice, Nov 2024, Vol 39,No.11

SRR 3 G bR T A R R R A LS R AR
e 0 3 RO E A AR RE E AT DN L HE, A M
BRI AR Alina 455 78 B 5T b 1 AR B I B 5 1
(& 2) AR T T, W BRI 3 58 B i K
% JE 2 B (maximum spinal cord compression,
MSCO) M Fx KA E (maximum canal compro-
mise, MCC) , fERE R T T, WI B £ _F & Jf 11 52 Kk AR
I L (transverse area, TA) M JE 4§ ¥ (compression ra-
tio.CR), CR 5 A J7 #2 G422 tb. MSCC Hl MCC

HAARH A F
MSCC(%) =[1— 2di/(da+db)] X 100% D
MCC(%) = [1— 2Di/(Da+Db)] X 100% 2

Horr, diDi 4300 8 SR B 6 FHE S B 78 )2 T Y T
JE % s daDa 43 8 Sk B 6 FME S B 28 2 i by OF
B HE AT BE P S RS 4%, db Db 43 512 X R BE M
EHRAARE N EEHEAT B EAER. TANE
B 2 J2 T RS AR A (mm®) 5 CR h ¥ 36 B 745 )2 1
TR R SBREZ L.

R TR 2 3 B U A9 A T B I e ARG AR
P — o7 O B AT B U () R &2 56 25 ) if AT R

WA AS— SRS B, LLSCHT B 3 AT B2 0 9 AR i 5 0
SRR SR 5T — % AR TR R IR BE U CREL
WAl 10 AR 7 It 48 rp 1 AT I o O 33 25 e X
MNTH,

3 AR A A4 g

B 40 35 = A 8643 (& 3) - O ME R FLE 6 4
HNRLTRY 5 () FUME 2R R T P15 ME AR O B AR T A 7Y 5 D 33
HE MR 5 H MSCC.MCC.CR # TA B H sl & #
A,

SR FH 1 B0 43 30 1 J7 1% 25 B 15 o X3, 4 A
1% P ) %R X (region of interest, ROD), dE4H 2 X
BB S Ay R BEAE R 0, ZH 40 I B0 K BE R 0~
200, JL v, 412X 38 1Y A1 R 6 R 3R K R (B8 R T
100, 156 BN 50 0 BAG M AL B, 9K 5
T BT AT X8 G A 42 TE o LA o 1 30 B IR 4% b ik 4
AU Ak, XFF ok EASR AR S ROT, 1 XF
T A v (A L B X U T AL SR R . RUAR
BEHE 00 rht Ry 3 4R B — S RSE R 200 X200 18 %
1) P 5 e 1 Sk ol 1T LR 1 RO SR 5 K 12 B T
HROIGE — 455 512 X 51248 % K/, 5 A H

MSCC: 20.01%
MCC: 38.59%

CR: 0.45
TA: 59.77

B2 MXERE T,WIRKKEFEM@OALNETZ EfREFIBRERMNEF &, a) MSCC AR F

TR MNEAMREFEANERMDFAAMRE LD LS FTH EFHEATE P LHT/5 2 (da.db);b)
MCCHAZIMEF &, 2NN EMEREEANERDDREETRE EE LG . FF EFMHEATE P LA
JE#MDa.Dh) ;o) 2 EFRFRABEDAKRDARGABAELT ;DA LEEAEPEFT O S ZRD
{AAF .C3 4 CT WA MAET FH T EKTRU TG 2, H 135 MSCC 2 MCC;e) TA #9 A T ¥ 7 %5 1)
CRMAZMEF Z . 2AMNERE(DFNEEZS) ;D EAMERERNE E@HME ARG DA
FMELHRROER . WE2, AN B RBE T @R, H FH53 CRF TA,



T SC R 2024 4E 11 A4 39 %55 11 ] Radiol Practice, Nov 2024, Vol 39,No.11

1517

ROBEEN ~

RIGERT R MRE S

& 3

RUHEAT N SR AN I . 43 BIRE AL UperNet™ i L 43 %)
R B B T RRAE 4 7 0 I 45 1 PR o S A s AL
HF BT R A LR 2 n. b T4
ER R A4 EIROR ¥ Swin Transformer™ ™ 7B T
™ 2% #x A B UperNet # B tf . Swin Transformer J&
5T Transformer Z5 14 (30 J B 1 M 4%, HARF mUE TR
PRAF AR T 803 1Y [R] I S B 8 52 30 iR K 199 5 iE ik B
fie /1. Swin Transformer DL [ & JI WL A A% L, GE
i A 250 b A7 2 PRT A5 b AN TR XS ] ) A B A O
F 3 BN T B 2 2 PRUAR o 04 i 50 45 4 RS [6] 25 4 =2
() A OGP 2 OCH 2E . eAh, Bl i oy B B 2 R
FRAE RS L BB 95 A S0 B & A 8] RO R 45 &, AT
PR B TR R T 45 R ae 71 . L2k
ORE = AR k= AR 5 WK X i < e o= W ) i1 P 1
KU/ T S50 48 w7 BIRL AR AR T TSR
WAFTHF#E . X (7 Swin Transformer 5 i H] T 7£ 5% I
Z PR PR B8R 52 B R 4 WIAT 55 . K Swin
Transformer fE N B T M %%, UperNet & % 55 41 Hb 4
FEF] ROT v i 240745 15 5, DA 52 305045 B 1) 43 31 2L
o
T MSCC Rl MCC 4 b » 7 2 7 o 42 4R T
FIZR T C3~C7 & MHER AL S . AR 1 & o B
W 4% (high-resolution net, HRNet)™ 347 C3~C7
5 MEAAR DU A v o5 B G B 5 2 7. HRNet J& —F H T
AR Z Ak T 0 TR B A AR 2 W 48 AR, el g i A
) 22 ROBE il >R B8 R AIE I 1Y) 25 ) 4 31 %, I AE A [

SRARfTIE |

B5E

ey «MSCC: 34%
EIRIUE — | Mcc: 30%

TR EHEHE B

S te |
o 3
\
AT
C3ECTHEAR RS
— S [+ CR: 0.41
%&%ﬁ; F- -

R A ®

#AE MR B4R 3547 a shnl 269 5 A2 |,

JE UK L [F) R B8 5 43 B S5 RIS 2 R AR A L R 42
e R 0 A5 TR f9 K R L i) T 4 b ) B MISCC AT MCC 45
bro PR BRECH U7 1% 22 (mean squared error, MSE)
4% BREIC, FH T B 25 700 00 A Pl R L S AR R =2 ) g 2
Sto LS AR RN N AR R H ol 20 T Y EUR  Hoh
FEAN BB R — 2O N, X T AR ST, DU
B SR A O U TR
SRR T, WI BRI HIE 88 M & C3~C7
& HEAOCHE S0 E AL E B #E4T MSCC F1 MCC 1y 458
BRI, B2 AR R 020 4 R AR AR A
B9 ABAG X3 . B L KRR A DX ST A T A
A S A it 4500 3 BT 1) Ay A Z R . R PR R
WA bR L ) AR B RUME A I B B T A5
N TR R W E B BRI . A AR R
R AR AR AE B A C3 HEAR T CTOME(R Y IX
B IR C3 HEAR RN C7 MEK IX 385 1) 58 B2 O BB AR
C3 F1 C7 HREMEMA - 98 B . B, 40 ) Uik 15 2
YR A T RMESS 98 1 B /IME L IR S A C3 R CT
FA) A B A AT 24 9 B RS 3] MSCC Fil MCC,
BT B R E T, W B 4 %08 #8 JF iF 17 CR Al
TA WF8 PRI, B 50, AR 43 B 45 L, 3R IBOCH B
W) B /NN R TE L I LA TE I 4 BE AR 0 B B B A2
Bif 5 o X 11 2 B B R AT T RS I L A5 B R 1)
JEARK . e, B RS Y R A R T S AR L R
CRE. RE. A THEBMSESERERHFHENER R
[ AR FEAR 45 DICOM SO R 28 [l BEAR S L 3R B



1518 T SC R 2024 4E 11 HH5 39 %55 11 ] Radiol Practice, Nov 2024, Vol 39,No.11

SR BE T AUE Sy TA M.

4 BERIPEAY

i ] Dice #H 1Bl 2 %X (dice similarity coefficient,
DSC) #1438 3f bt (intersection-over-union, loU) #F f7 #&
ROy B RE TR . A 2 5 o

DSC(A,BY=2X |ANBI/|Al+BI (3)

IoU (A,B)=[ANB|/IAUB| )

o, A Sl SR BE I AE S R T T, W &5 R i
W T, W G A5 1 0 B8 FAE S AR R 8B
BERITE SR T T, WT PSRBT, W E& L 53 %1
(A BEFIAE 45 /R R 2. DSC B i MARE LG Z
[ AR LM P B R dE AR, ToU BT M MARESEHE
i BE Y BE SR b5 BB Y L 0~ 1, BB B R AR P
G Z A AR A S R

5.48¢01 T ik

fii /] python 3.7.13 i fT G it 20t 7 &
TEZS 531 B 1 5 BORE DA 4 80 £ FR 1 22 (mean = SD) 3k
Fon o MU GRILE KA B ToU F1 Dice {E X
G FIVREE A AT 38 LY UE, T PE AN AR A 1Y 43 ) BE
{# FHZH N #H 5¢ & %I (intraclass correlation coefficient,
ICC) \Bland-Altman s I IFf N T 41 BRI 2 5 6
PRz (8] 1) — vk, B AR X H 9526 (95%6 CD . LA
P<20.05 FEFEAGEIAE L.

% R

LAY 53 B 25 AT A

eIk S 8 O 4 B D3t 4R v, A5 RD X % CHR T
T, W G B FHE S 53 B 25 19 DSC {1 ToU fA
W1,

2. 45 2H I A 45 0 — S A A

N T ASEHY 20 R 4 o v Y0 A5 5 A0 ME A5 1) 0
LEH L 2, 35 Bland-Altman #5 B 20 B A T4,

RETAH 5 S A v i — B0k (B 4) . BRI 5 4 b o Y
ICC{HH 0.782~0.913, A T.4H 5 & #ER ICC H N
0.692~0.903,

i

CSM %5 5y 5| S HE A B 75 A B 52 i, DA T 5 B0
BESENERES . B0 SZ R R TR
HESEZHNE., 7 CSM B2 Wi, MRI AT DL B
ARHER] L B M R SRS L PR AL T EE Az
5 RHE S, SR, B A R AR R AR S U E
PEZ I CSM, i 22 112 W 0 F 10 4 1 LB A DA Sl
i R A FERTFE ) AR D AE SR TAE R ], A5
K H T LA Swin Transformer R4 F T IR E 2%
BEARY 7 F5UHE S IR T AR Sl T, W JRR b AT A 4
AR A 25050 A Zhill | HEE FE B AR S
i AL 15 5] MCC . MSCC,CR, TA M4 5 HEE ez 5
i He 38 FH DG I 4 A

A 5T F 1, MCC Al MSCC i+ (1) WL 2% %
PR UL EE 35 8] 1) ICC 435124 0.88+£0.1,0.75+0.04
(MCC)HI1 0.76 4+0.08,0.79 4 0.09 (MSCC), MCC Fl
MSCC 7EAESMH Rl 4 16 83 o L 20k S0 1 A
P00 0 A8 T BT RE M O HL 0 PR ™ R B A G
PEE L, U CR A TA ol DU 5 882 5 FE 2
N A B 8 R B EE ARV AR SR R L CR
FUTA I £ (% 00 %% 5 P9 3 A0 82 2% (8] 19 1CC 43 318
0.82+0.13,0.80+0.05(CR) #1 0.9240.07,0.86+0.03
(TA), TA It CR BA W40 — b, 325 K 2
CR 76 A B E X AR M R 38 op i 7 A2 20 BR il 1 TA
RITENATEE, A HGEEHE TA 5 H0HEH BEE 0916 R
R A — SO SN AEAR RN T AR
20 4 AR ERY MCCL.MSCC.CR I TA 1 & 45 5

®1 AHBBIHEMR EEMEHN DSCHEAM U

5B A ¥ S Pk X &

DSC

KK E A 95.0040.08 94.9640.03 94.6040.09

&K &AM 86.8440.09 86.6540.33 86.174-0.22

B b & - A 94.3040.37 93.4740.88 93.1040.57

ToU

KR E-AH 90.474+0.16 90.414+0.06 89.76+0.17

KOk - 76.7440.15 76.44+0.52 75.7040.34

B dh - A 89.23+0.66 87.76+1.56 87.09+1.00

o AT BHARARESBEAEENNELR

m 8 AL AR 28 B AR R ICC 95% CI P14
MCC 0.27340.097 0.22440.083 0.23740.082 0.945  0.92~0.96  <C0.001
MSCC 0.14540.074 0.17640.072 0.18640.078 0.770  0.65~0.85  <C0.001
CR 0.46640.084 0.44840.076 0.42340.075 0.916  0.87~0.95  <C0.001
TA(em?) 79.60410.93 64.834-9.86 63.66411.63 0.917  0.87~0.95  <C0.001




T SC R 2024 4E 11 A4 39 %55 11 ] Radiol Practice, Nov 2024, Vol 39,No.11 1519

g 1 - f
B =1 -
: 2. z-
ATHERS RN @ ATHERS RIS ' ATHERS RN '
i - ﬁ 5
3 5 5
% % = -
s = B = E°
3] =1 g .
ATHERGFENRITSE ' | geERARRNRCYE BTSRRI "
g“; ;ﬁ‘} B4 HAH EFTNZTHRAFHOAL
g | £ A A AR GR R P E
%\; = % = = 4 R4 Bland-Altman #% & B, X 4
E E AT B S A 5 A el
J e — Y ARMMELYRAMESRWE
T, ® . @ (L. EERAEAN TSR L

¥, L THEBEEKREBUELZRAGETRMR, a)ALT4 MCCM B4R ;b)A T4 MSCCMBLZ0)A
I CRMBJLER;DATHA TAMZTL R ;) BAH MCC M F4R;DHAEA 8 MSCC M F4 %0 A4 CR

MELER;HEAE TAMNETL R,

BRI R T AN T 5 S e i — Btk
1 SR AE MSCC I 2 rr o T4 55 78 20 R 46 s o
8 — B T HA = AN d8 b5 . 20 A 32 25t PR A
EOEPE LN IEY XS ERNRKRME. AT
BRI BEFEAT 22 5 NI BOHE S5 R 1 U — 2L,

BE A N TR BE & e TR 2 ) 0 A5 B 2
B g e R 2 B T E A A Tz Ok
FE. 7E X &AM CT i, Kim %5 fili . MDR2-Unet
AR 7 it HE R A X4 O R T IR b S B T AE AR Y
B 20 o HURIHER e 48 b r Il i, 25 R o, AL &
BER A M i 45 R 5 R A G (R OC R B
0.929) , AL 11 43 FIVE BE R 4, ME R 40 bL 0% 00 62 0K5 82
Al SEPE R . Alukaev 2519 BT 3D U-Net B A1,
ST Mg A CT = 4k P AR e 1A AR 8] Bk R &
Cobb iy B il &t . ZAEAR) DSCH N 0.9, 5 AL
T 445 L B AH 56 FR 5 0l 0.943,0.928 FT 0996,
7E MRI J5 1 , Nozawa % (i I = Fift 14 B 2% ~J 462 780 )
SR AT P R 52 e R 0 B D AR (CSAD B
IR 5 E] Dice RELZH 0.90, 4 HIBCR R iF. 558
KI,HHE CSA L35 di 28 i R 2 [a] (AR DG PR35 55 (H
2 % (Spearman’s M2 R $ A 0.38, P = 0.007),
Zhang 17 JF % T BiaoqueNet #8, 75 JEHE MR
T, WT EUG F T R ME ] 208 A2 e b B o, iR A

E LA B R ME AR ME ) B 9 4 D M BE R BLIE 5
mDice {HH mIoU {H¥7E 90% LA I, BAbh, %F F H#E [
Fh i B (DHD HER] 8% = B2 45 5 (DHD FHE[R] 8 i 42 L
CHDR) f 0 8, A5 50 F0 A T30 2 435 0t 6 B0 4 R 4 —
¢ (DH.DHI #1 HDR 9 ICC {43 %1% 0.954.,0.908
M 0.917),

ARSI T G BB & M4, R H A
T IHLE  SCEET 4 Jm AR AR T, AR A5 B A b Al 2 55
e MR EE 5 BT 55 Hp i & )5 1R SCfF 8 B i AS R
DX 35 22 [0 1) S I M R0 SC 3% B M, DA T 412 e 40 1 114 1
B A R, TR B L A3 33 R ] UperNet £ £
JZ SRR Rl SR RGOk H A (6] J2 R R AR, AT
O 2 AR TR R R SRR R i — R T
Iy ENGE RN A,

ARBEFEAFEAE — LN 2Z A, 58 FEARBE ST
FORBIRL 2 B 25 R 5 L G A hn 25 R B 3P 1Y)
— M A AT — I 22 . A A R
T A B MCC L MSCC /o 11 CR A1 TA i K,
7% L D PR AT R R e o I T A A A — 1 TR i)
SERRER X HEAS A T ARSI B R AR — 8
B, BRI b B B T A A H
T A G 0 300 03 O B R A2 ol A5 %o i B Y Ak B
FIASJE S NI RZ Wi 1 0 ) 45 2R . & o i F 5% T LA



1520

B S0 2024 4F 11 A58 39 4% 11 ] Radiol Practice, Nov 2024, Vol 39,No.11

BB 2o P A i R DR o D Y o

PR, WK GABFRAGE R T T, WI Z AR 1 B BoR

A K2 TR R AT o3 LD R, T BE B R

MCC Hl MSCC R F i L 52 T A 3 19 I B 295 2R 15 52

PRAEE AR B2 RIS OLAFE —E 22 5. X2 h TR

TR R R A B8 I 2k e T, W J 4R 1 18145 AR

MEERR A EHEE R RE R A R SRS, il

DA T, WT A Bl i [ R 2B 47 MCC Al MSCC 1

RO = N 1 e S R A SR 95 3N NG A S

RE XS 15 Ly A S 7 2R P RE HEAT 90 0IE . 4R 1T . AS BF 5T

JIT T B R JBE 2¢ > BB B4 1 A5 5800 AT Sl A

HHEMAET XN E LT Z a0 2 28 I IR

L BRI ST A T R A T
B ARG TR HE 2 2] B R AR HUHE MR SR T

T, WI Be i e T, WI B il T e i 43 51 g

T+ BE A X HE A R B 1 A58 2 R T AR HE AT U A )

FENE R HE— 2 RGBS B 4R RR

i I AT SRR DAk — 2D i i A 1 g Kz Ak

RE T Nl PR A2 W FIG T S (4 SV B 2 5 AR 4l

S Xk

[1] Nouri A, Tetreault L, Singh A, et al.Degenerative cervical myelop-
athy : Epidemiology, genetics,and pathogenesis[ J].Spine,2015,40
(12) :E675-E693.

[2] Smith Sam S,Stewart Max E,Davies Benjamin M., et al. The prev-
alence of asymptomatic and symptomatic spinal cord compression
on magnetic resonance imaging: A systematic review and meta-a-
nalysis[J].Global Spine J,2021,11(4) :597-607.

[3] Behrbalk Eyal,Salame Khalil, Regev Gilad J, et al.Delayed diagno-
sis of cervical spondylotic myelopathy by primary care physicians
[J].Neurosurg Focus,2013,35(1) : E1-ES.

[4] Arvin B,Kalsi-Ryan S, Mercier D, et al.Preoperative magnetic res-
onance imaging is associated with baseline neurological status and
can predict postoperative recovery in patients with cervical spon-
dylotic myelopathy[J].Spine.2013,38(14):1170-1176.

(5] RSt B, 2000 , %, 06 T IR 3 2% 3T A0 50 B B MR 1% b
FEE R B B4y FI L) ]ORN JE K, 2021,36(12) : 1558-1562.

(6] BT, A2k, 5K 2. 3 20 I 46 455 000 15 5 43 0 ) e S HE MIRT HE (7]
A R LT AL T AT A LD . o A R 2 A 2021, 31

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(9):833-840.
SR B Bl AR R W, L U-Net T8 BE 2 >J 9 45 %F B HE 2% 4R
To WIER [ 3h 55 5100 rT AT B 52 L) 1805 2% 92088, 2022, 37(2)
229-234.
Karpova A, Arun R, Davis AM, et al. Reliability of quantitative
magnetic resonance imaging methods in the assessment of spinal
canal stenosis and cord compression in cervical myelopathy[J].
Spine,2013,38(3) :245-252.
Xiao T, Liu Y, Zhou B, et al. Unified perceptual parsing for scene
understanding [ C]J. Proceedings of the European conference on
computer vision (ECCV),2018:418-434.
LiuZ, Lin Y, Cao Y,et al. Swin transformer: Hierarchical vision
transformer using shifted windows[ CJ.Proceedings of the IEEE/
CVF international conference on computer vision, 2021: 10012~
10022.
Sun K, Xiao B, Liu D, et al. Deep high-resolution representation
learning for human pose estimation [ C]. Proceedings of the
IEEE/CVF conference on computer vision and pattern recogni-
tion,2019:5693-5703.
Nouri A, Martin AR, Mikulis D, et al. Magnetic resonance ima-
ging assessment of degenerative cervical myelopathy: a review of
structural changes and measurement techniques[ ] ]. Neurosurg
Focus,2016,40(6) : E5-E21.
Morio Y, Teshima R, Nagashima H, et al. Correlation between
operative outcomes of cervical compression myelopathy and mri
of the spinal cord[]J].Spine,2001.26(11):1238-1245.
Kim DH,Jeong JG,Kim Y]J,et al. Automated vertebral segmen-
tation and measurement of vertebral compression ratio based on
deep learning in X-ray images[ J].J Digit Imaging,2021,34(4);
853-861.
Alukaev D, Kiselev S, Mustafaev T.et al. A deep learning frame-
work for vertebral morphometry and Cobb angle measurement
with external validation[ J].Eur Spine ],2022,31(8):2115-2124.
Nozawa K, Maki S, Furuya T, et al. Magnetic resonance image
segmentation of the compressed spinal cord in patients with de-
generative cervical myelopathy using convolutional neural net-
works[ J].Int ] Comput Assist Radiol Surg,2023,18(1) :45-54.
Zheng HD, Sun YL, Kong DW, et al. Deep learning-based high-
accuracy quantitation for lumbar intervertebral disc degeneration
from MRI[J].Nat Commun,2022,13(1) :841-852.
(e H 91:2023-12-15 & H 1 :2024-04-30)



